Appendectomy Appendicitis Appendix a b s t r a c t Introduction: Crohn's Disease is a chronic and idiopathic inflammatory process with transmural invasion that can affect the entire gastrointestinal tract. The etiopathogenesis of this pathology is not fully understood and studies have been carried out to understand the influence of different kind of factors on its development, including appendectomy. This monograph aims to address the possible existence of a link between appendectomy and Crohn's Disease, and the possible causes and clinical consequences of this association. Methods: This monograph was based on the research of original scientific articles in MED-LINE database via PubMed, restricted to articles in Portuguese and English during the period between 1991 and 2017. Results: Appendectomy seems positively associated with the development of Crohn's Disease, especially in the first years of surgery, regardless of whether or not there is inflammation of the appendix. In fact, the appendix plays important roles in gastrointestinal integrity, acting in the development of an adequate immune response, maintaining and regulating the intestinal flora. Conclusion: The appendix is important for intestinal homeostasis, preventing the development of certain pathologies. Its resection, regardless of whether or not there is an inflammation after surgery, increases the risk of Crohn's Disease and worsens the prognosis of this pathology, so appendectomy should be avoided in the absence of appendicitis. BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Inflammatory Bowel Disease (IBD) includes Crohn's Disease (CD) and Ulcerative Colitis (UC) that are characterized by their inflammatory component. These diseases are thought to arise preferentially in genetically susceptible individuals when subjected to interactions between environmental, genetic, microbiological, and immunological factors. These entities continue to be a challenge for practitioners, since its etiology remains unclear, making it difficult to get more targeted treatments or preventive methods. These diseases affect several hundred thousand people worldwide, particularly 1.5 million Americans and 2.2 million Europeans. 1 Some risk factors such as tobacco, infection, pharmacological agents, stress, pollution, and diet have been studied, contributing to a better understanding of the underlying causes of these pathologies. 2 Lately, researchers have been interested in the influence of appendectomy in the course of these diseases. In fact, several studies have demonstrated a protective effect of this procedure on the onset and clinical course of UC. In CD, the studies are contradictory: some investigators found a negative association, others did not show any relation, and still others found that appendectomy plays a deleterious role in the onset and clinical course of the disease.
Material and methods
This monograph was elaborated based on original scientific articles searched in the MEDLINE database via PubMed, with a restriction made to articles in Portuguese and English with a time limit of 1991-2017.
The research was performed using different combinations of terms: CD; IBD; Appendix, Appendectomy; Appendicitis.
We selected the references taking into account their correspondence with the objectives sought in this review, with priority being given to the most recent and complete review articles. In addition, other articles were identified by cross-references of articles obtained in the initial research; articles considered pertinent to the work were included. In total, 39 publications were included in this study.
Results

Relationship between appendectomy and UC
The relationship between appendectomy and UC is relatively well understood; one of the most recent review studies concluded that despite the contradictory results sometimes observed in different case-control studies, most of them demonstrated a protective effect. 3 However, the mechanism underlying this association is still awaiting an explanation. 2 Patients undergoing UC after an appendectomy have a less severe presentation of the disease, with lower colectomy rates compared to patients not undergoing an appendectomy. 4 It was also been demonstrated in a case-control study that this relationship only applies to cases in which appendectomy was performed because of an inflammatory cause, e.g., appendicitis or mesenteric lymphadenitis. The relationship does not happen in cases of appendectomy performed by nonspecific abdominal pain. This finding suggests that what will actually influence the course of UC is the inflammatory state that precedes the surgery -not the appendectomy itself; and that, basically, the inflammation was caused by pathogenic factors different from those that gave rise to UC. Apart from this, the relationship will only be valid for surgeries performed before the age of 20; this indicates that the pathogenesis of appendicitis may be based on different causes, depending on the age group; and that the causal factors of this pathology in younger individuals may in some way contribute to the protective effect demonstrated with respect to UC. 5
Appendicitis: differential diagnosis of ileal CD
Appendicitis is defined as an inflammation of the appendix mucosa, which subsequently affects the remaining layers of the wall. Despite the diagnostic and therapeutic advances, this pathology continues to be a clinical emergency and is one of the most usual causes of acute abdominal pain and the most common cause of emergency surgery. 6 Notably, appendicitis has an inconsistent clinical presentation. The classic history of anorexia, periumbilical pain with irradiation to the right iliac fossa, followed by nausea and vomiting occurs in only 50% of cases. At diagnosis, the physician should include medical history, physical examination, and laboratory tests with inflammatory markers at increased levels; however, one does not count with a result that is specific for appendicitis. Thus, in case of diagnostic doubt the clinician should use imaging studies (such as ultrasonography and computed tomography [CT]) and diagnostic laparoscopy. 7 Thus, it is clear why the overall precision in the diagnosis of acute appendicitis is approximately 80%. In fact, often the differential diagnosis of appendicitis is challenging, because its clinical picture is common to many pathologies that occur with abdominal pain, for example, CD, mesenteric lymphadenitis, enterocolitis, endometriosis, diverticulitis, and ischemic colitis, among many others. 8 In 75% of cases, CD affects the terminal ileum. The characteristic presentation of this disease includes abdominal pain, non-bloody diarrhea, weight loss, fever, and sometimes obstructive symptoms, such as nausea and vomiting, occurring in the same age range as appendicitis, especially in its first peak. To diagnose the pathology, the physician must go beyond the clinical findings, using imaging and laboratory data, the results of which are not specific; its main importance lies in the evaluation of the patient's inflammatory and nutritional status.
Thus, considering the similarity of the clinical presentation of these two pathologies and the fact that they preferentially affect patients of the same age group (preferably affecting children and youngsters), 9 one can explain the frequent diagnostic errors that occur between these two nosological entities. Consequently, physicians should be aware of this possibility, when faced with patients with this symptomatology, to avoid errors of diagnosis. 10 Despite the clinical similarities, the treatment of these pathologies is different. In appendicitis patients, the treatment is surgical 7 ; on the other hand, in CD, the treatment is essentially clinical. Aside from this, studies show that patients with a history of appendicitis followed by a diagnosis of CD have a worse prognosis, with higher percentages of recession versus CD patients not undergoing an appendectomy. 11 But in many cases the similarities in clinical presentation cause the physician to perform an appendectomy as the first surgical approach in CD patients. 12 Thus, it is critical to establish the diagnosis of CD quickly so that the correct treatment is started as early as possible; this will contribute to an improvement in the quality of life of these patients. 9 For this reason, some preoperative evidence has been studied to diagnose CD more effectively: a history of abdominal pain or recurrent diarrhea, laboratory results compatible with the existence of a chronic process (e.g., microcytic anemia, hypoproteinemia, hypoalbuminemia, hypocholesterolemia) 13 and an increased platelet count. 9 It is also valid that the clinician uses imaging methods (ultrasonography and CT) to assist in the differentiation between these pathologies. 8 Aside from the difficulty in differentiating the two pathologies, there are cases in which these entities are related in a more interconnected way, and there may even be a progression from granulomatous appendicitis to an aggressive CD. 14 According to the most recent guidelines regarding the diagnosis and treatment of appendicitis, postponing surgery in 12/24 h in the case of uncomplicated appendicitis does not increase the percentage of complications, 7 which gives the surgeon time for a more efficient diagnostic study with fewer errors.
CD in the appendix
Despite its proximity to the ileum, an inflammatory involvement of the appendix is uncommon 15 ; However, this organ has been increasingly studied, in search of a better understanding of the pathogenesis of intestinal diseases.
It is important to differentiate acute appendicitis from CD versus CD with appendix involvement. The latter situation occurs more frequently in young patients, with a predominance of males.
Compared with CD found in other parts of the gastrointestinal tract, CD in the appendix has a lower percentage of recurrence and apparently with a better prognosis; in these cases, the first-line treatment is an appendectomy. 15 Although the symptoms on CD with appendix involvement are very similar to the symptoms of appendicitis, they are more recurrent and with a longer course. Histologically, it is possible to easily differentiate these pathologies, since appendages with CD present specific characteristics such as transmural, focal or discontinuous inflammation, predominantly with histiocytic and lymphocytic features. It is possible to observe crypt distortion, granulomas and erosions or ulcers. In some cases, a fibrous obliteration of the appendix lumen is observed; this can be explained by the existence of a recurrent inflammation in the course of the disease, evolving to cicatrization. It has also been shown that patients with CD in the appendix exhibit a more diffuse involvement of the colon. 12 Finally, in certain cases, granulomatous appendicitis may actually be a case of CD. However, it was observed that granulomatous appendicitis is a distinct entity from CD and that only 5-10% of patients with granulomatous appendicitis develop into CD. 16
Appendectomy: risk factor for onset and aggravating factor in the clinical features of CD
As already mentioned, the relationship between appendectomy and UC is already relatively clear, and most studies show a protective effect. However, with regard to CD, the information about this association is still not very consistent. Some studies have shown a positive association between appendectomy and CD development. 11, [17] [18] [19] [20] [21] [22] Other studies failed to prove any association, 23 and there are even studies that have shown a negative association, 4 as in UC. The inconsistencies between studies may be explained by the heterogeneity of the protocols followed, or by the inherent differences between studies. 24 A recent meta-analysis of several studies has shown that, despite heterogeneity, there is a higher relative risk of CD after an appendectomy. 24
Time elapsed between appendectomy and CD
Some studies have stratified the risk of CD occurrence after an appendectomy, taking into account the time elapsed between surgery and the diagnosis of the disease. 11, [17] [18] [19] In some of these studies, it was found that the risk of CD is significantly increased during the early stages after the appendectomy, but then this risk gradually decreases to a non-significant level. [17] [18] [19] 22 Other studies state that the risk remains high even 10 years after surgery. 11 The aforementioned meta-analysis summarized that the time elapsed since appendectomy has implications for the development of CD and that the risk of CD occurrence after appendix removal is significantly increased in the first year after surgery (the risk increases sevenfold), remains increased 1-4 years after the intervention, and only after 5 years does the risk becomes statistically insignificant. 24
Confounders
Although this possible association has been advocated in several studies, it must be borne in mind that, because CD is a multifactor entity, several factors may have made this conclusion fallacious, for example, the existence of confounders, among which tobacco stands out. In fact, a possible relationship between tobacco and appendicitis has been demonstrated. 25 Considering that this risk factor is also implicated in CD, 26 is, therefore, a confounding factor in these studies. In studies making adjustments for this factor, no statistically significant differences were found in their results. 4, 20 
Diagnostic bias
Some authors state that, in fact, the increased risk of CD after an appendectomy, especially considering that this risk is increased, most clearly in the early times after surgery, with a decreased risk over time, 24 is due to a diagnostic bias. 18, 22 As already mentioned, CD can be clinically similar to appendicitis; and the possible involvement of the appendix in a CD patient is a possibility that also contributes to the existence of a diagnostic bias. In the above-mentioned metaanalysis, the risk becomes elevated only in the first 5 years after an appendectomy. 24 But there is evidence that the risk remains increased if the follow-up is started 10 years after surgery -exceeding the prodromal period of appendicitis, thereby counteracting the hypothesis that this association is due only to a misdiagnosis of CD at the time of the appendicitis episode.
The same study revealed that the risk of CD was increased in patients whose appendix showed no inflammation at the time of appendectomy. 11 Although not presenting macroscopic inflammatory characteristics, inflammation can be evidenced in histological studies, 7 and may even have concordant characteristics with CD in a preclinical state, corroborating the diagnostic bias hypothesis. 11
Diagnosis underlying acute appendicitis
By showing that the risk of developing CD was increased after appendectomy due to perforating appendicitis, mesenteric lymphadenitis, and non-specific abdominal pain, different studies showed that this association does not depend on the inflammatory or non-inflammatory nature of the underlying cause of the surgery. 11, 22 Age An increased risk for CD occurs only when surgery is performed on adults; therefore, appendectomies performed in children are excluded, 11, 22 contrary to what occurs in UC (in which there is a decreased risk of CD if appendectomy is performed in childhood). 5
Location of CD
Studies evaluating the effect of appendectomy on CD localization have shown a lower incidence of colic involvement 27 and a greater probability of ileal involvement, 4, 22, 28, 29 and that these cases mimic more closely appendicitis symptomatology. 22
Prognosis
Regarding the effect of appendectomy performed prior to the diagnosis of CD, studies have demonstrated that this surgery is related to a worse prognosis of the disease, translated by the need of systemic steroids, immunosuppressive drugs, biological agents, and surgical treatment, namely, recession surgery. 27 Other studies have revealed no association, 4 and others still suggest that only a change in the course occurs, which translates into an increased probability of surgery in cases of perforated appendicitis. 11 It appears that an appendectomy performed prior to CD diagnosis decreases the development of extraintestinal manifestations, particularly in the joints. 27 Finally, there seems to be a relationship between previous appendectomy and a higher risk of stenosis and a lower risk of a fistulous disease and perineal involvement. 29
Etiopathogeny of CD
Currently, the main factors involved in the etiopathogenesis of CD are environmental and genetic ones, associated with imbalances of the intestinal flora and with changes in the immune system promoting the genesis of a dysregulated immune response that is the basis of chronic intestinal inflammation. 30
Immune response modification
Faced with an aggression, a vast group of cells (including macrophages, neutrophils, monocytes, and dendritic, mesenchymal, and epithelial cells) mediates an innate immune response. Initially, there is leukocyte infiltration of the mucosa -a finding observed throughout the course of the disease. In fact, these cells are responsible for oxidation processes, with consequent destruction and perforation of tissues, leading to the release of inflammatory mediators. The process is at the basis of the dysfunction of the epithelial barrier, characteristic of CD. 30 Likewise, adaptive immunity also appears to play an important role in the pathogenesis of CD. On the one hand, with regard to humoral immunity, in CD there occurs a generalized activation of the immune response, in which the production of the different subclasses of immunoglobulin shows alteration. It has been found that CD patients tend to develop antibodies against a number of antigens characteristic of certain bacteria such as Saccharomyces cerevisiae and Escherichia coli. Although there is no evidence of a direct association between the presence of these antibodies and the development of CD, it has been proven that higher levels of these antibodies are related to a worse prognosis and to a worsening of the clinical course. On the other hand, as regards to T cells, their ability to adapt to stimuli should be emphasized, which allows an adjustment of the response to the different characteristics of the organism (e.g., gender and age) and to the presence of microorganisms, thus ensuring immunological homeostasis. If this adaptive capacity is compromised, this will affect the reestablishment of this equilibrium after the occurrence of the damage, promoting the maintenance of immune response that is the basis of chronic inflammation. In fact, regulatory T cells (Treg) are critical in innate and adaptive immunity, being important both in the development of self and non-selftolerance. Consequently, defects in these cells may be on the basis of autoimmune and inflammatory diseases, such as CD.
The function of Treg cells remains poorly defined; it is known only that the number and state of activation of these cells are sensitive to changes in the intestinal flora and in the inflammatory state of the disease. It was found that during the active phase, the amount of these cells increase in the lamina propria, with a concomitant decrease in peripheral blood. 30 It is noteworthy that inappropriate immune responses may be based on a change in the balance between T-helper 1 (Th1) and T-helper 2 (Th2) lymphocytes, since CD is characterized by a Th1-cell-mediated response. 13 It has been shown that pregnancy status has a protective effect on the development of appendicitis, particularly during the third trimester of gestation. In pregnancy, there is a decrease in the Th1-cellmediated inflammatory response with a predominance of Th2 cell action and an increase in humoral inflammatory response in favor of a decrease in cellular inflammatory response. These and other physiological changes characteristic of pregnancy may interfere with the pathogenesis of appendicitis. 31 Thus, because it is an inflammatory process and in view of the inverse relationship between this factor and pregnancy, it is possible to conclude that the inflammatory process of appendicitis may be mediated by a Th1-cell response. This may help explain the possible aggravating effect of appendicitis in CD patients. 13 Other processes that may explain the importance of the appendix on the etiology of IBD have been described. Although apparently more related to UC, these pathways may in some way influence the pathogenesis of CD; but there is little information on this subject. Among these processes, we can highlight the production of immunoglobulin A (IgA), the significant presence of natural killer T-cells (NKT) in the appendix, and the action of Th17 cells, influenced by appendectomy.
The appendix is important in the production of IgA, which has a relevant role in the defense against pathogenic microorganisms. Thus, appendectomy will cause a decrease in this protective pathway, leading to pathological processes. In fact, experimental studies in animals reveal that performing an appendectomy at young ages may lead to decreased levels of immunoglobulin in the mucosa, interfering with humoral intestinal immunity. 32 As far as NKT cells are concerned, these lymphocytes are present in a greater amount in the appendix compared to the other parts of the intestine. However, the true mechanism of these cells in intestinal pathophysiology has not yet been fully elucidated. 33 Finally, a new pathway has been described that demonstrates the influence of a subtype of CD4+ cells (IL-17-secreting Th17 cells) on the inflammation characteristic of autoimmune and inflammatory diseases, such as CD. The action of these cells is recruited by the influence of CCL20 chemokine that binds to the CCR6 receptor; both are present at higher levels in the colon of patients with IBD. On the other hand, laboratory studies have revealed that, in relation to appendicitis and appendectomy, the genetic expression of CCL20 in the distal colon undergoes down-regulation, with subsequent suppression of this inflammatory pathway. Thus, these new findings may allow the development of techniques that allow the modeling of this inflammatory pathway, with repercussions in the discovery of new therapeutics for CD. 6
Genetic susceptibility
Genetic susceptibility also influences the development of IBD; in total, 200 risk loci have been identified 34 that harbor genes with effects on the modulation of cytokine production, on the function of T cells and other components, and on the pathways present in inflammation. 30 Indeed, the intestinal flora can be influenced by the host genotype. Variants of NOD2 and ATG16L genes appear to impair the normal barrier function of the intestinal mucosa in protecting against bacteria, which causes a change in the intestinal microbioma -a thing which will have repercussions on the development of the immune system and, consequently, on the onset of CD, as will be discussed later. 35 
Intestinal microbioma interference
The gastrointestinal tract is the site of the human body where the largest amount of microorganisms is found, 30 representing a diverse set of agents that are related in a defined phylogenetic ratio and whose preservation allows the maintenance of homeostasis in the host. 36 On the one hand, the genotype of the microorganisms interferes with the genetic expression of the host; but on the other hand, the presence of these microorganisms in the gastrointestinal tract is essential for the development and subsequent maturation of the immune system by allowing the establishment of a symbiotic relationship that will develop tolerance and protection. 30 Some factors, such as certain foods and food additives, tobacco, repeated exposure to antibacterial drugs, and acute events of gastroenteritis, cause changes in the composition and function of the intestinal flora. This modeling is most evident at younger ages. 37 This change could be responsible for an imbalance that possibly will lead to a higher CD risk. In fact, epidemiological evidence has shown that the higher incidence of diseases due to chronic inflammation and autoimmune pathologies is related to lower percentages of infectious pathologies and to the use of antibiotics and vaccinations. This evidence speaks in favor of the hypothesis that intestinal microorganisms play a fundamental role in the development of the immune system in the first years of life. 30 Bacterial translocation and microbial products from the intestinal lumen that cross the mucosa to the mesenteric lymph nodes allow for antigenic presentation. This contributes to the development of tolerance relative to endogenous microorganisms during childhood and its maintenance during adulthood, as well as to the development of gut-associated lymphoid tissue (GALT). 38 These bacterial antigens are necessary for the diversification of the repertoire of antibodies and also in the structuring of T-and B-cell areas in follicular centers, which have developed previously and independently of the antigenic presentation. 34 Lastly, it was found that intestinal bacteria are arranged in colonies that develop in a mucous matrix adherent to the luminal membrane of epithelial cells of intestinal microvilli, forming biofilms. Thus, there is the generation of a symbiotic association in which the host confers advantages (mainly metabolic ones) to the bacteria, contributing to a longer survival of the microorganisms. 39 Likewise, commensal microbial agents protect the host by creating a physical barrier that hinders the entry of pathogens. In these biofilms, one can observe bacterial expulsion processes that allow the elimination of pathogenic microorganisms and the subsequent bacterial recolonization by commensal agents, with consequent biofilm regeneration. 34
The influence of the appendix on intestinal pathophysiology
The appendix is a structure present in only a few mammals; in man, presents a peculiar architecture. Until recently, the function of this organ was not valued; it was thought that the appendix was nothing more than a vestigial and rudimentary remnant. 39 However, with the publication of some studies proposing that appendectomy was associated with the development and evolution of IBD, the appendix acquired some prominence, becoming the target of several studies.
First, the appendix has a specialized epithelium and houses cellular elements, such as B-and T-lymphocytes and dendritic cells, which allow the processing and presentation of antigens, with the subsequent genesis of an immune response. 32 In relation to the conservation of the intestinal flora, the appendix plays a prominent role. In fact, thanks to its particular structural characteristics (such as a narrow lumen) and because of its location, this organ is relatively protected from the pathogens present in the fecal material, which cannot reach or disturb its integrity. Thus, in cases of diarrhea -and unlike the case in the large intestine -there are no very pronounced changes in the appendicular flora and epithelium. Therefore, a post-diarrhea recolonization capacity appears to be exclusive to the appendix. Finally, the bacterial density and biofilm continuity along the epithelium are comparatively superior in the appendix, progressively decreasing to the distal end of the large intestine. All these characteristics let us realize that this organ is a safe place, which allows the preservation of commensal bacteria and, in addition, provides support for their growth. Moreover, in pathological situations that occur with the elimination of the constituents of the gastrointestinal tract, this organ allows the reintroduction of bacteria in the colon, contributing to the maintenance of an intestinal flora that, as we have seen, is essential for the maintenance of an intestine without pathology. 34, 39 Thus, one can note the importance of the appendix in maintaining balance and avoiding gastrointestinal pathology. Changes in the function of the appendix can trigger changes in the intestinal flora, which may be the basis of certain pathologies. If, as already discussed, the appendix plays a preponderant role in the immunological integrity and maintenance of the intestinal flora (and consequently in the integrity of the mucosa), its removal will impair the intestinal dynamics, being in the base of pathologies like CD.
Conclusion
It seems that appendectomy is positively associated with CD, increasing the risk of its occurrence and worsening prognosis. This association was advocated in several studies; however, it should be borne in mind that such an assumption may be due to diagnostic errors explained by the clinical similarities between CD and appendicitis, and by the possible involvement of the appendix in CD patients.
According to the latest guidelines for the treatment of acute appendicitis, it is advisable to recess the appendix independently of its macroscopic characteristics, since in some cases it is possible to verify the presence of inflammation by histological analysis, even when no characteristic inflammatory conditions were observed during surgery. 7 However, considering that the possible association between appendectomy and CD does not seem to depend on the inflammatory nature of the pathology underlying the surgery, in clinical practice (especially in situations with possible presence of CD), the preservation of the appendix may be advantageous. The recession should be reserved for cases in which the physician is faced with a proven pathology, the treatment of which is necessarily surgical. In fact, the appendix has proved to be an essential component of intestinal homeostasis; thus, somehow the involvement or absence of this organ may contribute to the development of an intestinal pathology.
Thus, studies allowing a better understanding of the association of appendectomy with the clinical course of CD are justifiable. These studies may help to better understand the etiology and pathogenesis of this disease; this knowledge can be applied in the prevention, diagnosis, and treatment of CD, which, due to its characteristics, results in great deterioration of patients' quality of life.
